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1
NONINTERFERING ELECTRICAL SIGNALING

BACKGROUND OF THE INVENTIONM

The invention relates to electrical signaling systems
and, in particular, noninterfering electrical signaling
systems used in protection and alarm systems having a
central supervisory station and several remote stations.

Electrical signaling systems can be used to remotely
monitor the condition of fire alarm boxes, waterflow
alarms, burglar alarms, watchman’s reporting stations,
and industrial process supervisory control systems.
These systems can also provide automatic monitoring
and .control of building environmental conditions.
When used as monitoring and control units, the appara-
tus requires a high degree of reliability.

A variety of techniques have been used in general

purpose data transmission electrical signaling systems.

These techniques consist of either utilizing a separate
transmission path from each monitoring station to a
central supervisory station or connecting each of the
monitor stations to a frequency and/or time division
multiplexing equipment for transmission of their signals
over a common data transmission path to the central
supervisory station. Monitor stations may include an
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actuating - device to- control multiplex transmitting -

equipment or a transponder which can be interrogated
by the central supervisory station. Signals from the
transponder indicate the status of an actuating device
connected to it. The data signals received at the central
station are examined to determine if any deviation from
normal exists.

The data transmission path over which the signals are
transmitted are often wire conductors. A fault in one or
more conductors, such as a break, a short between con-
ductors, or an earth ground of one of the conductors
could adversely affect the reliability and operability of
the data transmission apparatus.

It is a primary object of the invention to provide a
high reliability data transmission system. Another ob-
ject of the invention is to provide a high reliability data
transmission system having input, scanner, and pro-
gramming circuitry for efficiently recording and out-
puting information about a multiplicity of monitor sta-
tions.

Other objects of the invention are to maintain the in-
tegrity of a multiplex data transmission system in spite
of a break in the transmission path and to. provide a
monitor station wherein different- time length signals
can be transmitted to indicate the status of a plurality
of actuating devices.

" BRIEF DESCRIPTION OF THE INVENTION

The invention relates to an electrical signaling system
which comprises a plurality of monitor stations for
transmitting signals in response to the status of a se-
lected condition. The signals are. transmitted over a
transmission path which interconnects the monitor sta-
tions and a supervisory central station. The supervisory
central station includes receiving devices for receiving
the signals transmitted by the monitor stations. The re-
ceiving devices have an output which indicates the sta-
tus of the selected device.

In one aspect, the invention features mput circuits
associated with each receiving device. The input has a
clocked flipflop connected to the output of the receiv-
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ing device. The status of the selected condition may be
stored by the flipflop. The input circuit also includes an
EXCLUSIVE OR gate having inputs from both the flip-
flop and the receiving device. The output of the EX-
CLUSIVE OR gate changes in the same fixed direction
whenever the output of the receiver circuitry changes.

The supervisory central station further includes a
scanning circuit having selectors to sequentially sample
the output of the EXCLUSIVE OR gates and demulti-
plexers to feed back a delayed version of the output of
the EXCLUSIVE OR gate in order to clock the flipflop
after the EXCLUSIVE OR output has been accepted.
The delay is advantageously inserted in the feedback
from the selector to the demultiplexer in order to avoid
triggering on false signals.

In another aspect the invention features a current
sensitive relay connected between the ends of the
transmission path whereby the relay is deenergized if
there is a break in the conductive path. Under these cir-
cumstances, power is supplied to both ends of each
conductive path. Circuitry is provided to disconnect
the relay from the power source when a break occurs
and to momentarily energize the relay when the break
is repaired.

Another aspect of the invention features transmitter
and receiver time discriminator units whereby a single
tone transmitter produces a short turn-off when a mo-
mentary switch is actuated and an extended time turn-
off when an extended time switch is actuated.

Other objects, features, and advantages will appear
from the following description of a preferred embodi-
ment of the invention taken together with the attached
drawings in which:

" FIG. 1 is a block diagram of an electrical signaling
system embodying the invention;

FIG. 2 is a schematic diagram of a line control circuit
of the system shown in FIG. 1;

FIG. 3 is a block diagram of the mput scanner, and
control circuits of the system shown in FIG. 1; ..

FIG. 4A is a circuit diagram of the transmitter time
discriminator circuit of the system shown in FIG. 1; and

FIG. 4B is a detailed block diagram of the receiver
time discriminator circuit of the system shown in FIG.
1. - ' '

DESCRIPTION CF A PREFERRED EMBODIMENT

Referring to FIG. 1, power to operate the system is
drawn from a power supply 12, for example, a 24 volt
rechargeable battery, located at the supervisory central
station 14 and isolated from earth ground. The battery
is preferably arranged to be trickle charged from lo-
cally available 110 volts A.C. power line (not shown).

" The power supply 12 may also be any other suitable

65

power source which can be isolated from earth ground.

FIG. 1 shows a plurality of monitor stations con-
nected to a transmission path 15, the monitor stations
and transmission path being identified in FIG. 1 as line
circuit 1. Each monitor station consists of an actuating
device and its associated data transmitter or a control
device and its associated data receiver. While FIG. 1
shows only one line circuit, a plurality of line circuits
may be used and a line control circuit is provided at the
supervisory central station 14 for each line circuit. A
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line control circuit 16 acts as an interface between line
circuit 1 and the remainder of the supervisory central
station 14.

Line control circuit 16 operates to condition the line
circuit upon the occurrence of a fault. The operation
of line control circuit 16 is described in detail in con-
nection with FIG. 2.

As mentioned above, each monitor station may in-
clude actuating devices associated with data transmit-
ters and control equipment for control devices asso-
ciated with data receivers. The actuating device may be
a contact or contacts and associated circuitry, if any, or
a digital output corresponding, for example, to a multi-
plexed output of a plurality of contacts or an encoded
output representing a measured signal value. The data
transmitter may be either part of the actuating device
or a separate unit and, in either case, operates in re-
sponse to the status of the condition intended to be
monitored by the actuating device. Each data transmit-
ter and its actuating device are connected across trans-
mission path 15, and the output signal is received by a
data receiver at the supervisory central station 14. The
output of the data receiver reflects the operation of the
corresponding data transmitter. The output of the data
receiver, either directly or through decoding or detec-
tor circuitry, describes the condition of one or more ac-
tuating devices. '

A data receiver may be connected to the transmis-
sion path when it is desired to control an operation
from the supervisory central station. The control equip-
ment may be a relay which controls heating or cooling
equipment. A signal transmitted by a data transmitter
at the central station will be received at the remote sta-
tion and the equipment will respond to the received sig-
nal.

The transmission path 15 consists of two conductors
which form a loop starting at the line control circuit
and returning to the line control circuit. The monitor
stations are connected in parallel across the conductors
and in this embodiment, the monitor stations receive
their power from the transmission path.

Referring to FIG. 1, data transmitters 18a, 18b, 18c, -

18f, 18g, 184 may be of any design suitable to operate
over the transmission path and are, in the preferred em-
bodiment, audio resonators combined with line pow-
“ered exciters and audio amplifiers which continuously
transmit a single audio frequency signal unless turned
off. The transmitter may be the Line Power Transmit-
ter sold by H. B. Engmeermg Company of Silver
Springs, Md. The data receivers 20a, 20b, 20c, 20f,

20g, 204 can be of any type compatible with the chosen

data transmitter and, in the preferred embodiment, are

audio resonators combined with an audio amplifier and’

audio detector. The receivers may be the type manu-
factured by the H. B. Engineering Company.

Each data receiver and data transmitter in a line cir-
cuit operates at a different frequency and the signals
are frequency multiplexed over the transmission path.
Each receiver detects only the frequency of interest
and rejects all other signals.

FIG. 1 shows a variety of actuating’ devices, control

dewces, and encoding devices which may be included-

in a single line circuit. Starting at line control circuit
16, and working clockwise along transmission path 185,
there is first a noncoded supervisory switch 22a
" controlling data transmitter 18a. Switch 22a may be
any device which provides a normally closed contact,
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and which opens when the device is actuated. When
the contact is closed, associated data transmitter 18a is
turned on; when the contact is open, associated data
transmitter 184 turns off. The output of associated data
receiver 20a varies according to the operation of trans-
mitter 18a and the receiver output is monitored by a
control circuit 24. The noncoded supervisory switch
may be, for example, a gate valve position indicating
switch, a water level detector switch, or a steam pres-
sure supervisory switch.

A plurality of non-coded supervisory switches 22b,
22¢, 224 may be connected in series to a data transmit-
ter where it is desired, at the supervisory control cen-
tral station 14, to know that one of the plurality of su-
pervisory switches has been actuated, but where it is
unnecessary to know which of the plurality of supervi-
sory switches has been actuated. When one of the
switches is actuated to the open position, data transmit-
ter 18b turns off. The output of data receiver 20b
reflects this change-in condition to control circuit 24.

When it is ’necessary to know which of a plurality of
non-coded supervisory switches at the same monitor
station has been actuated, there are two alternatives.
First, the plurality of supervisory switches can be ar- |
ranged so that each has a separate data transmitter in
a manner similar to that shown by non-coded switch
224 and data transmitter 18a. Second, and preferably,
the plurality of supervisory switches may be connected
to a multiplex encoder. Referring to FIG. 1, in the pre-
ferred ‘embodiment, muitiplex encoder 26 provides a
stream of digital data to transmitter 18c. The stream of
digital data represents the condition of each of non-
coded supervisory switches 22¢, 22f, 22g, 22k, 22i, 22j,
22k, and 22m. The multiplex encoder 26 is preferably
the pulse code modulated encoder sold by H. B. Engi-
neering Company. The encoder is a solid state scanner
which scans each of its inputs at a variable clock rate
and provides a data stream output of digital signals.
The output signals are bilevel, and the length of time
for which the output signal of multiplex encoder 26 is
in a given state is indicative of the status of the switch
inputs. The output of the data transmitter 18¢
connected to multiplex encoder 26 is received by data
receiver 20c whose output is connected to multiplex
decoder 28. The multiplex decoder 28 decodes  the
data stream, which was generated by multiplex encoder
26, transmitted by data transmitter 18c, and received
by the data receiver 20c. The decoded data are stored
in the decoder’s buffer memory which provides an indi-
vidual output, for each of the non-coded supervisory
switches connected to multiplex encoder 26, to the
control circuit 24, In the preferred embodiment, the
multiplex decoder also checks the data stream for er-
rors; and incorrect or erroneous signals are ignored.

In some instances, it is desirable to use a single data
transmitter with two non-coded stations but not use a
multiplexer. This is possible through the use of a trans-
mitter time discriminator unit 40 which receives inputs
from a momentarily operated actuating device such as
watch report station 42 and an actuating device which
is operated for an extended period of time such as a fire
alarm box 44. When the watch report station is mo-
mentarily operated by a watchman, the time discrimi-
nator unit turns off data transmitter 18f for a short pe-
riod of time. If, on the other hand, the fire alarm box
is actuated, the data transmitter 18fis turned off for an
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extended period until the fire alarm box is reset. In the
preferred embodiment the extended period device can
only be manually reset at the monitor station. In order
to determine at the receiver, which device was actu-
ated, the times of actuation must not overlap. Thus, the
extended time device can be three seconds or longer,
and the momentarily operated actuating device can be
operated for a time less than the extended time; that is,
less than three seconds. The output of data transmitter
18f is received by data receiver 20f. The output of the
data receiver 20f is interpreted by receiver time dis-
criminator unit 46 to provide an output signal corre-
sponding to each actuating device. Time discriminator
circuits 40, 46 are described in greater detail in con-
nection with FIGS. 4A and 4B. '

When the signal to be monitored is an analog or con-
tinuous signal, as opposed to a two state on-off or switc-
htype signal, an analog-to-digital converter 48 may be
used to convert the analog signal to a digital number.
The digital number, represented on the output signal
-lines of converter 48, is serially encoded by multiplex
encoder 50 for transmission by data transmitter 18¢

15

over the transmission path. The output of data trans-

mitter 18g operates data receiver 20g which is con-
nected to multiplex decoder 52. Multiplex decoder 52
converts the serial input to a digital number and the
digital number is converted by digital-to-analog con-
verter 54 to an analog signal level. The output of digi-
tal-to-analog converter 54 is connected to an analog
recording device 56 which may be, for example, a chart
- recorder.

A control device 58, for example a relay Wthh is
used to shut down air conditioning fans, is operated
from data receiver 204 when data transmitter 184 is
turned on. Data transmitter 184 may be turned on from
any actuating device, for example, a manually operated
switch 60, or the output of any one of the data receivers
located at the supervisory control station.

The monitoring stations, that is the data transmitters,
-data receivers, and, respectively, their associated actu-
ating devices, interface devices, and control devices
can be positioned in any sequence along the transmis-
sion path. In addition, any data transmitted from a data
transmitter located at any point on the transmission
path can be received by an associated data receiver lo-
cated at any other location in the transmission path.
This results because the data transmitters and data re-
ceivers in.the line circuit are connected in parallel.

FIG. 2 shows a preferred circuit arrangement for line
control circuit 16. The line control circuit is so con-
structed that if a fault occurs in the transmission path,
operation and integrity of the system is maintained
while lamps and sounding devices (not shown) are pro-
vided to alert an operator of the nature of the line cir-
cuit fault. The fault may be a break in the transmission
path, an earth grounding of one of the conductors
forming the transmission path, or a short between the
conductors of the transmission path.

FIG. 2 also shows the manner in which data receivers
and data transmitters and their associated circuitry, all
designated by reference number 61, are arranged in
parallel across the transmission path. The figure also
shows that the data transmitters and receivers at the
centra] supervisory station, designated by reference
number 63, are connected in parallel at line control cir-
cuit 16 across the transmission path.
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6
. In operation, if a break occurs in the transmission
path, relay coil 62, which in normal operation is ener-

" gized, deenergizes and releases. The transmission path

consists of conductive loops 64, 66. Relay contacts 62a
and 62b, associated with relay coil 62, are shown in
FIG. 2 with coeil 62 energized. Thus, when relay coil 62
is deenergized, the relay contact 62« closes and relay
contact 62b changes position so that power is applied
to both ends of each conductive loop 64, 66 of the
transmission path, thereby ensuring that power is pro-
vided to all of the data transmitters and data receivers.
At the same time, an additional contact associated with
relay coil 62 will light a lamp or energize an alarm to
indicate at the central station the nature of the fault. A
push button switch having contacts 67a and 675 is pro-
vided so that after the break has been corrected, relay
coil 62 can be energized. This resets the circuit to its
normal operating condition.

As mentioned above, the power supply 12 is 1solated
from earth ground in the preferred embodiment. If,
therefore, there is an earth ground fault in the transmis-
sion path, one or the other side of the D.C. power sup-
ply will be near earth ground and relay coil 68, not-
mally deenergized, will operate and energize. Relay
coil 68 is connected in a diode circuit 69, one side 70
of the diode circuit being connected to earth ground.
A'relay contact (not shown) associated with relay coil
68 may operate lamp and audible sound alarms to indi-
cate the nature of the transmission path fault.

The line control circuit of FIG. 2 will also detect a
short between the two conductive loops. In operation,
the current which flows through an adjustable resistor
71 produces a small voltage drop across that resistor.
The voltage drop is normal operation is insufficient to
cause a transistor 72 to conduct current and, therefore,
a relay coil 74 connected to the transistor is not ener-
gized. If the current through resistor 71 increases, the
voltage drop across resistor 71 increases and depending
upon the type and number of reference diodes 76, tran-
sistor 72 will at a predetermined current conduct be-
cause its base-emitter junction becomes forward bi-
ased. Relay coil 74 will then be energized. Additional
contacts associated with relay coil 74 (not shown) are
provided to operate lamps and audible alarms to indi-
cate the nature of the line fault. Capacitor 78 is pro-
vided to inhibit energization of relay coil 74 where the
increased current is of momentary duration. Resistor
80 and coil 82 act to block A.C. 51gnals

FIG. 3 shows a preferred embodiment of control cir-
cuit 24 of the system shown in FIG. 1. The output of
each data receiver, multiplex decoder, or other device,
for example, relay contacts, can be represented by an
open or closed switch, such as input switch 90 con-
nected to logic “0”, In normal operation, input switch
90 is in the closed position indicating the normal oper-
ating condition at the monitor station. When the condi-
tion being monitored deviates from normal, switch 90
would assume an open position. The switch would then
assume the closed position when the condition being
monitored restores itself or is restored to normal. In a
large system, there are a plurality of inputs having an
output function equivalent to that of switch 90; how-
ever, for the purposes of illustration, only one input,
switch 90, is shown and described.

When power is applied to the control circuitry by
closing a power-on switch 92, a bistable multivibrator
94 is enabled. The output of multivibrator 94 is applied
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to increment a counter 96. Counter 96 is a four bit bi-
nary counter, the four bit output being applied to count
bus 98. The high order bit of counter 96 is applied to
increment a counter 100, also a four bit binary counter.
The four bit output of counter 100 is applied to a 4-line
to 16-line demultiplexer 102, For each four bit count
~ of counter 100 (of which there are sixteen), demulti-
plexer 102 enables one and only one of its sixteen out-
put lines.

The output of demultiplexer 102 enables one of a
maximum number of 16 scanner circuits 104. FIG. 3
shows one of the possible 16 scanner circuits. Each
scanner circuit 104 consists of a print data selector
106, print red data selector 108, and demultiplexer
110. Print data selector 106 and print red data selector
108 perform the same function, and may be, for exam-
ple, Texas Instruments Corp. type SN 74150. These
units are enabled by the signal from demultiplexer 102
and once enabled, the signal on the input terminals des-
ignated by the count on bus 98 is selected and placed
on outputs 112 and 114, respectively. Demultiplexer
110 performs the reverse function and may be, for ex-
ample, Texas Instruments type SN 74154. After being
enabled by demultiplexer 102, demultiplexer 110
makes the input from signal acknowledge bus 116
available to the output terminal, for example output
terminal 118, designated by the signal on count bus 98,
Thus, each component of all scanner circuits 104 is
connected to the count bus 98.

As noted, the scanner circuits are sequentially se-
lected by demultiplexer 102. The varying binary count
on the count bus 98 then sequentially connects the in-
puts of the print data selector for the enabled scanner
circuit, one input at a time, to print bus 119 through
buffer gate 120. ' '

Under normal conditions, the input to print data se-
lector 106 from an input circuit 130 will be a logic “0”".
When the power-on switch 92 is closed, applying power
to the system, a single shot multivibrator 132 is enabled
thereby applying a momentary logic “0” to a clear bus
134, A flipflop 136 of input circuit 130, preferably a

type D flipflop, is connected to the clear bus 134 at its -

. “clear input” 138. The leading edge of the single shot

multivibrator 132 output signal operates to clear flip-
" flop 136 resulting in a logic “0” on the Q output. Since
the output of switch 90 is normally at logic “0”, the
output of EXCLUSIVE OR gate 140 is also logic “0”.
Thus, under normal conditions, the input to inverting
buffer gate 120 is at logic “0”, and its output will be
logic ““1”. »

The Q output for flipflop 142, in the preferred em-
bodiment of the R-S type, is at logic “1”, so that both
inputs to AND gate 144 are at logic “1”’. AND gate 144
thereby has a logic ““1” output which enables bistable
multivibrator 94 as was previously assumed.

When one of the conditions being monitored changes
to a logic 1", corresponding to opening switch 90, the
output of EXCLUSIVE OR gate 140 changes to logjc
“1”". When the input to the print data selector 106 cor-
responding to a logic “1” is selected, the output of the
print data selector will change to a logic “1”, and the
output of inverting buffer gate 120 will change to a
logic “0”. One input to: AND gate 144 will be a logic
“0”; and, therefore, the output of AND gate 144
changes to a logic “O”, inhibiting further operation of
bistable multivibrator 94. Thus, the scanner 104 is
stopped at the input which indicates a deviation from

8

normal condition, input 146. In addition to temporarily
inhibiting further counts from the bistable multivibra-
tor, the output of buffer gate 120 is connected to an in-
verting gate 148, the output of which starts delay gate
150 which provides a retard, for example, 60 millisec-
onds, before enabling its output. The purpose of the re-
tard or delay is to prevent operation of flipflop 142 in

. the event of momentary false signals. Such false signals
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may be caused by electrical noise or relay contact
bounce. At the expiration of the 60 millisecond delay
time, flipflop 142 is'set by the output of delay gate 150,
and the Q output goes to logic “¢”. The Q output of
flipflop 142 maintains an inhibiting logic “‘0” output to

_multivibrator 94 through AND gate 144, so that even

if the condition being monitored should return to nor-
mal, scanning remains inhibited and a warning message
will be printed. The Q output of flipflop 142 is also ap-
plied to signal acknowledge bus 116. The signal ac-
knowledge is applied to inverting gate 152 through de-
multiplexer 110. The output of gate 152 clocks flipflop
136, the Q output of flipflop 136 going to logic “17,
since the input from switch 90 is at logic “1”. As a re-
sult, the output of EXCLUSIVE OR gate 140 goes to
logic “0” and the output of buffer gate 120 returns to
logic “1”. ,

The Q output of flipflop 136 will affect the operation
of mechanical printer 154. In order to alert the opera-
tor. of a deviation from: normal condition, a pro-
grammed message is printed by printer 154. The mes-
sage will be printed in red to alert the operator that the
condition has deviated from normal. A print red com-
mand placed on line 156 effects printing in red. The
print red data selector 108, like the print data selector
106 has stopped and has selected an input 158 which
corresponds to input 146 of the print data selector.
Thus, the Q output of flip flop 136 is connected
through selector 108 to buffer gate 160. The output of
buffer gate 160 is connected to print red bus 170,
which is one input of NOR gate 172, When the Q out-
put of flipflop 136 goes to logic “1”, as a result of the
signal acknowledge signal on bus 116, the output of
buffer gate 160 goes to a logic “0”. Thus, both inputs
to NOR gate 172 are at logic “0" and its output goes
to logic ““1”. The output of NOR gate 172 is the print
red command, line 156, and whenever the output of
NOR gate 172 is at logic “1”, the mechanical printer
154 will print in red rather than black. In this manner,
the first signal corresponding to a condition deviating
from normal results in a message printed in red, and,
as is described below, a subsequent réturn to normal
will be printed in black.

The printing operation is initiated when the Q output
of flipflop 142 goes to logic *“0”, this being a print com-
mand on line 174, The print red command appears an .
extremely short time after the print command and be-
fore actual printing has occurred. When the printing
operation has been completed, flipflop 142 is reset by
an end of print signal on line 176. This causes the Q
output of flipflop 142 to return to the logic “1” state.
Since the output of buffer gate 120 is already at logic
“1”, the output of AND gate 144 changes to logic “1”
and bistable multivibrator 94 begins operation and
other inputs are scanned.

There are no further messages relating to the devia-
tion from normal condition that has been reported in
red until the condition is restored to normal. At that
time, the input from switch 90 returns to logic “0” and
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the output of EXCLUSIVE OR gate 140 goes to logic
“1”. The sequence of events which follows is substan-
tially the same as when the condition originally devi-
ated from normal since both the original deviation from
normal, as well as the subsequent return to normal both
cause the output of EXCLUSIVE OR gate 140 to be
logic “1”. While the sequence of events is identical to
the sequence which occurs when switch 90 is first
opened, the message which indicates a return to normal
is printed in black because the Q output of flipflop 136
will be logic “0’ after it is clocked by a signal derived
from the signal acknowledge signal on bus 116. After
the mechanical printer 154 prints the message in black,
the end of print signal causes flipflop 142 to reset and
enables bistable multivibrator 94 through AND gate
144 and scanning continues.

Printer 154 may be any type compatible with the
control circuit, and in the preferrd embodiment is a
Keltron Corporation type Dm-400 Digiprinter. The
input to the printer can be programmed so that printer
154 prints specific alphabetic and numeric characters

in desired positions in a line. For example, by providing

the appropriate input signals, the printer can print
FIRE 7253 in either red or black characters. The inputs
to the printer are received from programmer circuit
178. FIG. 3 shows one section of the programmer cir-
cuit corresponding to the scanner circuit 104 shown in
FIG. 3. In a larger system there will be as many more
programmer sections as there are scanner sections, and
the outputs of the programmer circuits will be tied to-
gether in parallel. The programmer circuit includes
programmable read-only memory 180a, 180b, 180c,
180d, for example, Signetics Corporation Type 8Z23;
comparators 182a, 1825, 182c, 1824, 182¢, 182f, 182g,
182#4; and inverting gates 184a, 184b, 184¢, 1844, 184
e, 184f, 184g, 1844. In the preferred embodiment, the
comparators are four bit comparators. The circuit is ar-
ranged to print an eight character message, foru alpha-
betic characters followed by four numerals.

In operation, the output of each programmable rea-
donly memory is-determined. by the binary count bus
98 and the demultiplexer 102 output. Thus, the pro-
gram circuit 178 of FIG. 3 represents one of sixteen
possible program circuits and is the one which corre-
sponds to scanner circuit 104. The output of binary
counter 96 and the signal from demultiplexer 102
uniquely define which actuating device is being moni-
tored, and the outputs of memories 180a, 1805, 180c,
1804 will define the message corresponding to that de-
vice. If the condition being monitored is in the normal
range, the Q output of flipflop 142 is at logic “0”and
a message is not printed. When a deviation from nor-
mal occurs, the Q output of fhpﬂop 142 goes to a logic
“1”, and the print command is given.

The eight bit output of each read-only memory repre-
sents two 4 bit words, each four bit word representing
a numeric or an alphabetic character. The alphabetic
or numeric characters have been pre-programmed into
the read-only memories at some earlier time and deter-
mine the unique message correspondmg to the condi-
tion bemg monitored. During printing, each four bit
word is compared by the comparators with the output
of the print drum on lines 186. When the print drum
position agrees with a four bit work output of one or
more of the read-only memories, the corresponding
comparators enable their output lines which, through
the corresponding inverting gates, cause the corre-
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sponding print solenoids to operate and print desired
characters of the message. After the print drum has
made a complete revolution so that all of the alphanu-
meric characters on the drum can be selected, the mes-
sage is completed and an end of print signal is given
over line 176. As noted above, the end of print signal
resets flipflop 142, and allows the system to continue

‘scanning.

It may be desirable not to print a character in one or
more positions of the message. In that instance, cir-
cuitry exists in printer 154 to recognize a binary
“1111” from the memory and to thereby inhibit print-
ing in that position even if the comparator output is en-
abled.. .

FIG. 4A shows the transmitter timé discriminator
unit 40 of FIG. 1 in greater detail. Transmitter unit 40
and data transmitter 18f; rather .than being distinct

units, are integrally related. Connection to.the trans- -

mission path, from which power is received is made at
terminals 188 and 190. Referring to FIG. 4A momen-
tary actuating device 192 may be a pushbutton switch
or any other momentary switch such as found at watch
report station ‘42. In normal operation, the actuating
device 192 presents a closed circuit. Extended time ac-
tuating device 196 may be any normally closed switch .
which, when opened, remains open for an extended pe-
riod of time, for example, longer than 3 seconds. This
may correspond to a switch at fire alarm box 44.

The transmitter time discriminator unit is particularly
useful when a watch report station and a fire alarm box
are integral to the same unit. In operation, transistor
198 is normally in a non-conducting or off state, and
transistor 200 is normally conducting or on. Data trans-
mitter 18f is normally on. When momentary actuating
device 192 opens, capacitor 202 charges through resis-
tor 204 and, after a predetermined time, the base-
emitter junction of transistor 198 becomes forward bi-
ased sufficiently to cause - transistor 198 to turn on.
Thus, shortly after momentary device 192 is opened,
both transistors 198 and 200 are turned on. When mo-
mentary device 192 closes, transistor 198 remains on
for an-amount of time determined by the discharge of
capacitor 202 through resistors 205, 206 and the base
of transistor 198. Transistor 200 will turn off when de-
vice 192 closes until transistor 198 turns off. When
transistor 200 turns off, the data transistor 18f will also
turn off. After the predetermined amount of time, the
circuit returns to its normal condition with capacitor
202 substantially discharged. Thus after momentary
device 192 is actuated and released, data transmitter
18/ turns off for a predetermined short amount of time.
When extended time device 196 is opened, data trans-
mitter 18/ turns off immediately and remains off for as
long as device 196 is open, a time longer than the above
mentioned “predetermined short amount of time.”

FIG. 4B shows the receiver time discriminator circuit
46 and data receiver 20f in more detail. When data
transmitter 18f turns off, the associated data receiver
20f also turns off and output 210 of data receiver 20f,
normally at logic “0”, thereby starts a delay gate 220,
for example a 60 millisecond delay. This delay prevents
electrical noise or sporadic contact closure from trig-
gering the circuit. At the end of 60 milliseconds, the
output of delay gate 220, normally logic “0”, is enabled
to a logic level “1”. This sets a flipflop 222 and starts
a second delay gate 224. Flipflop 222 is preferably of
the R-S type. Delay gate 224 may be of any relatively
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long delay time, and is preferably 3 seconds, corre-
sponding to the minimum open time of actuating de-
vice 196. The Q output of flipflop 222 goes to logic
“0”. If the momentary device 192 had opened, trans-
mitter 18f will turn off, for example, for 500 millisec-
onds, and data receiver 20f turns back on after 500
milliseconds causing delay gate 220 to inhibit the out-
put of delay gate 224 before it is-enabled to logic “1”.
The inputs to a NOR gate 226 are both now at logic
“@”, so that gate 226 provides a logic “1” as an input
" to a circuit 130, When printer 154 responds with the
end of print signal over line 176, the inverse of that sig-
nal is applied to a NOR gate 228 over line 229. The
output of NOR gate 228 changes to logic “1”. A NOR
gate 230 thereby provides a logic “0” signal to an in-

verter 232, the output of delay gate 224 being at logic

*0”, and flipflop 222 is reset w1th the Q output return-
ing to logic “1”.

If the extended time actuatmg device 196 had
opened, data receiver 20f turns off and delay gate 220
is started as before. At the expiration of 60 millisec-
. onds, delay gate 224 is started and flipflop 222 is set
again as before. After 3 seconds, the delay gate 224
provides a logic ““1”" to one of the plurality of input cir-
cuits 130 described in conjunction with FIG. 3 and also
provides a logic ““1” to NOR gate 230 to reset ﬂlpﬂop
222, through inverter 232. When the data receiver
turns on following the reclosing of device 196, gates
224 and 220 turn off so that the signal to the input cir-
cuits 130 turns off.

It should be appreciated that the time discriminator
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units of FIGS. 4A and 4B are not capable of indicating

simultaneous operation -of both actuating devices.

Thus, priority is given to the extended time device, so

that if it is actuated the momentary closure of device

192 will be lost. As a practical matter, this is of little im-

portance since, as previously explained, the extended

time device is usually used for fire alarms, and the cir-
cumstances requiring its usage would preempt the rou-

tine watch report signal. Further, the transmission of a

fire alarm signal would have the same effect as a watch

signal, i.e., an indication that the watchman is present
on the scene.

The momentary closure of device 192 may be lost in
another instance. If, after flipflop 222 is set and data
receiver 20f turns on, an end of print signal acknowl-
edging a different input occurs, then flipflop 222 will be
reset and .no record of the momentary signal will re-
main. In order to prevent this loss of data, the end of
print signal can be gated by circuitry which allows only
the end of print signal corresponding to the momentary
device input to reset flipflop 222 through gate 228.

Other embodiments will occur to those skilled in the
art and are within the following claims.

What is claimed is: -

1. An electrical signaling system comprising a plural-
ity of monitor stations for transmitting signals in re-
sponse to the status of a selected condition,

a supervisory central station, .

- at least one transmission path interconnecting said
monitor stations and said supervisory central sta-
tion, _

said supervisory central station including

a plurahty of receiving devices connected to said

transmission path for receiving the 51gnals transmit-
-ted by said monitor stations, said receiving device
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" having an output to indicate the status of the se-

lected condition and

at least one input circuit associated with each receiv-

mg device and connected to the output of the re-
ceiving device,

said input circuit having a clocked ﬂlpﬂop connected

to said output to store the status of the selected
condition, and

an EXCLUSIVE OR gate havmg as inputs, the flip-

flop and the output of the receiving device, the EX-
CLUSIVE OR gate having an output signal con-
-nected to a scanning circuit to indicate a change in
the status of the selected condition.

2. The electrical signaling system of clalm 1in which
said scanning circuit includes

at least one selector circuit having inputs to receive

the output signal from the EXCLUSIVE OR gate,
and

at least one demultiplexer circuit to feed back a de-

layed version of the output signal to clock the flip-
flop. -

3. The electrlcal 51gnalmg system of clalm 2 mcludmg
means for sequentially scanning the inputs of the selec-
tor circuit and means for inhibiting sequential scanning
when the output signal indicates a change in the status
of the condition.

4. The electrical signaling system of claim 3 including
a printer and
a programmer c1rcu1t for causing the printer to print

a message corresponding to the condition at which

the sequential scanner was inhibited.

5. A multiplex electrical signaling system comprising

a plurality of monitor stations,
" a supervisory central station,

at least one transmission path including two conduct- .
ing paths interconnecting said monitor stations and
said supervisory central station, each conductmg
path having first and second ends,

each conducting path looping out from the supervi-
sory central station and returmng back tothe cen-
tral station,

said central superv1sory statlon including a current
sensitive relay coil connected to one end of each of
said pair of conductive paths, the other ends of said
. conductive paths being connected to a source of
power,

“said relay coil having associated with it contacts, the
contacts being arranged to supply power to both
ends of the conductive path at the supervisory cen-
tral station when the coil is deenergized.

6. The multiplex electrical signaling system of claim
5 including a circuit means to disconnect said relay
from the power source when the coil is deenergized and
a switch to momentarily supply energizing current to
the relay coil whereby the relay coil will be reset.

7. The multiplex electrical signaling system of claim
6 further including short circuit control means con-
nected across the transmission path to detect a de-
crease in the impedance between the two conductors,
said means including

a transistor having an emitter, base, and collector,

the  collector being connected to one side of the

source of power through a current sensitive device,
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the emitter being connected to a second side of the
source of power through a predetermined voltage
drop,
and a resistor between the emitter and base, the base
being connected to the transmission path whereby
a voltage is produced between the base and emitter
in proportion to the current between the two con-
ductors.
8. The multiplex electrical signaling system of claim
7 wherein the current sensitive device is a relay.
9. The multiplex electrical signaling system of claim
6 wherein the source of power is isolated from earth
ground, and further including an earth ground control
for indicating when there is a short between earth
ground and the transmission path, said earth ground
control including a relay coil having one terminal con-
nected to earth ground and the other terminal con-
nected through impedances to both sides of the source
of power. '
10. An electrical signaling system comprising
a plurality of monitor stations,
a central supervisory station,
at least one transmission path including two conduct-
ing paths interconnecting said monitor stations and
said central supervisory station,
said monitor stations including a transmitter time dis-
criminator for providing an indicating signal of

20

25

short time duration when a momentary actuating -

device is operated, and an indicating signal of long
duration when an extended time actuating device
is operated.

11. The electrical signaling system of claim 10
wherein said monitor station includes a single tone
transmitter, said transmitter being turned off when the
extended time actuating device is operated, and being
turned off for a predetermined short time after actua-
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tion of the momentary actuating device.

12. The electrical signaling system of claim 11
wherein the transmitter time discriminator includes a
first transistor, the transmitter being connected to a
collector of the first transistor and the extended time
actuating device being connected to an emitter of the
first transistor, the first transistor being normally
turned on when the extended time actuating device and
the momentary actuating device are closed.

a second transistor, first circuit means to connect a
collector of the second transistor to the base of the
first transistor, the momentary actuating device
being in a base circuit of the second transistor, a
timing capacitor resistively connected to the base
of the second transistor, the momentary contact
being connected across the capacitor in the base
circuit of the second transistor so that the capacitor
charges to turn on the second transistor, when the
momentary switch is opened, whereby the capaci-
tor discharges partially through the second transis-
tor when the momentary actuating device is closed
and the first transistor is held for a short time while
the second transistor is on and the momentary ac-
tuating device is closed.

13. The electrical signaling system of claim 12 in-
cluding a receiver time discriminator for distinguishing
two signals from the transmitter time discriminator and
for producing two signals which indicate the status of
the devices at the monitor station.

14. The electrical signaling system of claim 13
wherein said receiver time discriminator includes a
delay device having a delay time corresponding to the
minimum time actuation of the extended time contact,
said delay device being connected to receive a delayed

version of the signal output of the data receiver.
% ok k% k
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